In China, with the deepening of the reform of industrial structures, the improvement of technological innovation has become a key issue. This is not only related to whether the strategic development of Chinese science and technology can be achieved, but also whether the Chinese economy and high-quality human capital can develop sustainably. Based on the theoretical boundary of sustainable development-free transfer of information-we see that sticky wages are the embodiment of information dissemination. Under the dual effects of profit-seeking behavior and information barriers, the relationship between the sticky wages of technological innovation talents (TIT), as the most profitable labor force, and technological innovation efficiency (TIE) has become more complex, and so far we still have a limited understanding of it. We explore this issue in an empirical study by using a two-stage chain Data Envelopment Analysis (DEA) of TIE followed by modifying the wages of TIT; finally, we build a collaborative evolution model with spatial effects on a large dataset (from 2007 to 2016). The results show that the overall Chinese TIE is relatively low, and in the central and western regions the TIE has been seriously reversed; there are also divergences in the TIE at different stages in the regions we focus on. As the output of technological innovation, except for initial results (such as patents), the more important value is whether it has an ability to transform the initial results into production, and the core of it is whether it can match the market environment and technology transfer system (for example, market mechanism, transformation incentive mechanism, and institutional mechanism). So, considering these aspects, the central and west of China are obviously insufficient, while the east has obvious advantages; this can also explain the results of spatial diffusion, namely, in the eastern region it is higher than in other areas, but the gap between them is gradually narrowing; lastly, from the perspective of synergy, the wage stickiness of TIT in the central region is larger than that of the eastern and western regions, and the evolutionary relationship in the former is "extruding" while in the latter it is "cooperative." Mainly due to the popularity of the eastern innovation network and the initial state of the west, the barriers of information transmission are relatively low, while the central part is undergoing economic transformation, so its extreme demand for TIT has pushed up the cost of information transmission.
Introduction
The labor force, generally referred to as one of the factors of production, and whether it can keep up with economic fluctuations to self-regulate in a timely manner and ensure that different regions improve their adaptability to match the industry structure to achieve sustainable regional development in the context of existing resource endowments and environmental pressures is reported to be a crucial issue influencing a region's or even a country's employed population, social stability, wealth accumulation, enterprise survival and development, especially as the labor marketability level has been increasing with the rapid pace of economic globalization [1] .
However, considering the vastness of the Chinese territory and the huge differences in regions' development, the problems of economic structure revealed by the fluctuations of labor force are more prominent, which restricts the sustainability of the overall Chinese economic development. Specifically, the northern area of China has a strong influence on heavy industry, and the continuous outflow of labor force has fueled industrial structure transformations. Meanwhile, in the west of the country, an important mineral resources source and strategic reserve, there is a simple labor force and the primary energy structure has not changed, which means the allocation of production factors is static, the self-repairing function is inhibited, and the bottom-up transformation of the industrial structure seems to be an unattainable vision. The central region has taken on the role of linking the east with the west; whether the transformation of its industrial structure can be successfully completed has a critical bearing on the other two areas. As a pioneer in economic reform, the rich east, due to its geographical advantages, has been leading the way in technological innovations and economic development [2, 3] .
It is generally believed that, like for sustainable development, an industrial structure that is too singular or heavily dependent on resource endowments would fail to adjust as economic globalization deepens or labor dividends are lost. For various regions, the rise of science and technology innovation industries will force industry to change to ensure sustained output and contribute to the stability of society. However, with China's aging population becoming a more and more serious issue and labor costs rising, the TIE structure has become the main direction of human capital adjustment [4] [5] [6] .
However, as the economic development and educational resources of different areas are unequal, the gap between high-quality human resources is more and more intense-involving the obvious siphon effect in the east, the mismatch of labor market in the central, and the severe lack of TIT in the west. Some governments can only hope to use the following path to achieve the goal of retaining TIT and obtaining sustainable development: offer financial incentives-pay high wages to attract talent-and set up subsidies and enterprise and college alliances; as a result, large numbers of high-tech industrial parks have sprung up. However, even though local governments have tried their best, it is particularly difficult to promote gradual technological change, further extend industrial gradients, and optimize industrial chains to exploit economic potential. Synchronization between TIE and wage fluctuation in economically backward areas is not obvious. Then, do endowments in regions have a direct or indirect impact on the TIE and sticky wages of TIT? Does the TIE correlate with the TIT wage? Can the two aspects have an impact on regional economic fluctuations and sustainable economic development? The above questions have become the focus of our study, and are also what current policy makers are most concerned about.
The remainder of our paper proceeds as follows. The second part surveys the literature on wage stickiness, especially on TIT wage stickiness, and the relationship between sustainability and the theme of the paper. An overview of the research setting and methodology is then provided in Section 3, followed by a presentation of the dataset and results in Section 4. In the final section, we conclude and make policy suggestions.
TIT Sticky Wages and TIE
In the field of regional economic sustainable development, major theories have accumulated focusing on how to obtain sustainability through technological innovation. After an analysis, we find that, although the relationship between technological innovation and sustainable industrial transformation, is clarified, it is still difficult for us to export and graft the theory and macro policy onto the micro production factor system successfully. Further zooming in on the theme of this paper-TIT sticky wages and TIE-although both Arrow and Coase reveal the innovation, technology, and institutions for economic sustainable development, their inferences imply a rigid presupposition that sustainable development is a system that minimizes the loss of information (the existence of transaction costs), in which the participating elements need to evolve in the context of complete information. If we regard sustainable development as an optimal vision, then internal elements must be adjusted to approach the optimal state [7, 8] . On the other hand, this means that it is necessary for all active subjects to obtain the optimal ratio after examining the similarities and differences of development methods, and then to strictly enforce the law operation. In fact, such a requirement is difficult to achieve for TIT sticky wages and existing TIE. At the same time, the most important thing is that we cannot completely restore TIT in the economic system, nor can we explain how TIT sticky wages (related to the basic cost of industrial innovation) change over space and time; we cannot even understand the cause and effect between information and sustainability [9] .
Going back to the real-life situation in which the research objects are located in China, if we observe the situation over time, we find that, as a result of the diversification of economy, residents have become rich. However, according to official statistical data, most income is still derived from wages, so it is what directly affects urban middle-class income distribution. Based on data from 2003 to 2016, the Gini coefficient of income was basically stable, ranging from 0.47 to 0.49, reaching a peak of 0.491 in 2008; during 2012-16, it began to decline, ending at only 0.465. Although income disparity has a downward trend, it is still higher than the international definition of the income gap "warning line"-0.4. Compared with the Japanese Gini coefficient (generally around 0.25), and Germany's of around 0.3, the Chinese income gap is still large, especially for different labor forces. This will be detrimental to the flow of TIT and the sustainable development of the economy. Given the above phenomena, there must be a multifactor, but this study mainly depends on the two main characteristics of the labor market [10, 11] .
An obvious feature of the TIT labor market is the widespread existence of wage stickiness [12, 13] . According to Say's law, the core idea of supply economics, it is said that the supply will spontaneously generate demand in the operation of an economic system. Wages, determined by the supply and demand rule, can measure the value of labor [14, 15] . When wages equal the product of labor productivity and marginal income, the economy will achieve Pareto optimality, but this scenario requires the market to be fair and transparent [16] . However, in reality, sticky wages point to the fact that these prerequisites cannot be completely satisfied. On the one hand, because there is a certain degree of non-public information, namely commercial secrecy, which industry relies on, information transmission barriers are much higher, which means economic entities cannot obtain timely and correct signals. Influenced by Chinese marketization and employment diversification, the mechanism of sticky wages has become more complicated [17] and imperfect information makes it difficult for demand-supply to have a "sufficient interaction." Through long-term observation, researchers have found that wages and labor output as well as population have a staggered adjustment mechanism to some extent because both adapt their actions to maximize benefits. Other studies have considered the perspective of contracts associated with the adjustment cost theory, since most wages are based on long-term effective contracts between employers and employees-that is, without considering the information monopoly, if wage can be self-adjusted in a timely manner, economic operations will incur large adjustment costs. Therefore, contractual mechanisms cause inflation and unemployment to coexist with stagflation at a certain level that rejects the Phillips curve's theory.
The estimation of wage stickiness has been fruitful. For example, Xu as the first to complete the estimation of the Chinese nominal sticky wage in terms of income, length of service, household registration, and industry. He found that the sticky wage is not high compared with other countries and the downward trend is increasing [18] . Liu has made a more detailed estimation by using two different inventory adjustment models to empirically analyze the major industrial sectors in China [19] . At the same time, a stream of literature has emerged from the trade aspect regarding the influence of sticky wages on the economy. Sun examined it at the national trade level, concluding that it not only affects the fluctuation of price trade conditions, but also the length of the cycle [20] . For another thing, because of continuous investment in education over decades and the improvement of living standards brought about by economic development, China has provided a mass of labor made up of high school graduates and above [21, 22] . At the same time, due to industrial restructuring policy and the development of high-tech technology, the proportion of TIT is gradually increasing (up to 8.2 in 2016), which directly promotes the overall improvement of the labor quality in China and induces a change in labor characteristics from demographic dividend to human resources-another obvious feature of the TIT labor market. In general terms, in order to ensure the sustainability of the economic restructuring, the well-organized reserve of TIT is a key link that cannot be ignored. Building on the Heckscher-Ohlin (H-O) model, we predict that the difference of factor prices will eventually approach zero in a homogeneous economic system including indiscriminate goods, zero transaction costs, and equal technology. However, when technology embedding happens, the labor market will be stratified. For workers with different skills, as we have noted, wages are a relatively rich criterion for distinguishing the value of labor, which coincides with the updating of the price of production factors. Helpman [23] conducted a study on the effects of skilled labor that originates from technological change in terms of wage inequalities. Along this line, the research on the relationship between wage differentiation and technological innovation derives from the import and export trade. This, at least, is the common understanding that can be drawn on, namely through foreign investment and import and export trade; new technologies can be acquired at lower cost and enterprises can increase their stockpile of skilled labor. Meanwhile, wages will increase along with the increased trade intensity, especially for export trade in technology-intensive industries, which causes wage inequalities to be more pronounced [24] [25] [26] [27] [28] [29] .
It is worth noting that the trade density correlates strongly with geographic location and the degree of economic development affects the wage differentiation (especially for high-quality talents). There is still space to conduct a further investigation into the binary relationship between wage and technology. In order to more objectively conform to the complex features of the economic system, Helpman and Itskhoki [30] broke the Heckscher-Ohlin (H-O) model paradigm and tested the relationship between unemployment, the labor market system, and international trade liberalization by constructing a heterogeneous corporate model that added a search friction. Then Burstein and Vogel and Costinot and Vogel supported the view that when an area brings in new technology, the local labor markets may enhance the skill premium as a way to counter the reduction in payment to the normal labor force that is a consequence of the surge in demand for talent. Likewise, as Xu and Li concluded [31] , with the transformation of the economy, the level of skill premiums will continue to rise. On the other hand, the technology industry relies on efficiency, which is different from a traditional industry that relies on human or mineral resources. Thus, an intriguing natural phenomenon has taken place-namely, in certain regions the employment of TIT has increased, but the overall employment has decreased, accompanied by the overall average wage of TIT being higher than the per capita disposable income of local residents. What is the effect of this phenomenon? Some scholars have pointed out that it is responsible for the industry development model-the technology industry cannot give rise to labor to achieve a smooth integration with the original industry [32] [33] [34] [35] . In the meantime, the liquidity of labor derived from the received information is always used to make decisions on future expectations after self-assessment. TIT demands are more complex than those of the general workforce.
Obviously, the superposition of the three stages of the Chinese economy creates a conflict between the Chinese planned economy and the free market that becomes more and more irreconcilable; together with the improvement of the technical level of industry, the demand for and attention given to the TIT will increase exponentially. Given the above discussion, since wages account for the majority of the disposable income of residents, serve as the measurement for TIT value and the catalyst for mobilizing the enthusiasm of TIT, and represent the necessary cost of excess profits for industries and enterprises to invest, therefore, wage volatility is related to the sustainability of economic growth, which requires the TIE to achieve steady improvement or stability from the point of view of industries. Examining such a logical chain, and at the same time considering the strong relationship between TIT and TIE, we easily see that the three items have an inseparable relationship. Additionally, in the critical period of Chinese economic transformation, from the single industrial structure, as a practical manifestation of the planned economy, to the free market, how to leverage wages, as a micro-key element to some extent, to alleviate the dilemma of regional economic sustainable development is undoubtedly a "feasible and simple" method. Building on theory and reality, the volatility of "TIE and wage stickiness of TIT" is much more connected with the sustainability of economic growth and social stability than it was before. In this article, we define wage stickiness narrowly as industrial information asymmetry and labor efficiency's difference.
From this logical deduction, the heterogeneity and scarcity of TIT straightaway determine the efficiency; meanwhile, in view of the information barrier as well as the time lag effect, TIE and wage stickiness are interdependent. By examining the pre-scenario, it becomes evident that the wage stickiness of TIT and TIE does not develop linearly, but through a continuous, complex interaction. Therefore, labor with these characteristics must have strong bargaining power in the labor market. The scarcity is also related to the workplace [36] [37] [38] [39] . So, when considering the wages of TIT, it is necessary to attach importance to their preference for certain geographical areas [40] [41] [42] , which means that the wage must also be tailored to the region. Through the above analysis, studies on wage stickiness and branches of highly qualified labor have accumulated a deep foundation and extensive applications, most of which focus on the relationship between technical and wage differentiation and labor employment, or between wage stickiness and monetary policy fluctuations. However, in the literature, no consensus can be found in terms of the combination of wage level, information asymmetry, technological innovation efficiency, and spatial factors; these inadequacies mean the study is still in a "black box" state. Thus, we expand on these previous contributions and adopt a comprehensive view of the wages of TIT, encompassing both an information and a spatial diffusion dimension.
Based on reasonable assumptions, the paper focuses on the research into the spatial co-evolution of TIE and TIT's wages. The contribution of this paper is mainly embodied in: (1) decomposing the overall TIE into two stages, that is, the R&D stage and the practical or commercialization stage; we delved into the output efficiency of different stages in different regions to judge whether there was a waste of resources; (2) by combining the regional entropy and gravitational models, we can optimize the impact that the regional geographic location, economic capabilities, and related agglomeration have on wage and efficiency, so the model in the paper is more reliable; (3) we construct a two-agent cooperative evolution model including the spatial diffusion behavior, which gives the established model a certain universality.
Methodology

Two-Stage Chain DEA Model
The main theme of this paper is the interaction between labor and wages, or more precisely TIT remuneration and regional TIE. First of all, one problem we must address is how to accurately measure efficiency. The computation of innovation efficiency has built up some relatively mature methods, most of which are based on the DEA model and improved DEA. Fare and Grosskopf proposed the network DEA method, which calculates every production process separately so as to estimate the effect of each input unit on the final output [43] . However, under this calculation framework, the model cannot calculate the relationship between the subsystems and the whole system. Subsequently, many scholars put forward a two-stage DEA model to overcome the disadvantage that the traditional DEA model cannot conduct a staged calculation. Afterward, Kao made further contributions to the two-stage DEA model, putting additional inputs in the second stage so as to decompose the overall network model into a series or parallel course as shown in Figure 1 [44] . The entire innovation output system is composed of two stages with a series relationship, which reflects the continuity and relevance of each stage. so as to decompose the overall network model into a series or parallel course as shown in Figure 1 [44]. The entire innovation output system is composed of two stages with a series relationship, which reflects the continuity and relevance of each stage. Stage 1 consists of two parts with parallel relationships-the initial innovation inputs ( ( = 1,2, … )) yield intermediate outputs ( ( = 1,2, … )), while another part is the virtual inputs ( ( = 1,2, … )) without any outputs in Stage 1, then going into Stage 2 together with and eventually translating into economic outputs as a whole. Therefore, technological investment as a type of production factor must have its own particularity-namely, it takes multiple rounds of experiments to obtain actual outputs, and the input-output in different experimental phases has a chain-like correlation. This network characteristic results in the evaluation of technological innovation output requiring a multi-stage measurement model. This is the advantage of the two-stage DEA, but is a disadvantage of the traditional DEA model. However, the two-stage DEA still has its imperfections. First, in order to ensure the relevance of the two-stage process, the weight of the intermediate stage is not unique, which may bring about moderate differences; secondly, because of the phases, there is a requirement for ensuring the lag period of the different input stages. However, there is no uniform standard between the input and output of the high-tech industry. Therefore, whether the lag period is valid, and whether the intermediate outputs of the technology industry are completely converted within the preset lag period, requires much more complex verification. It is now common practice to set the lag period to 1.
In response to Kao's method, we decomposed the investigated innovation system into two stages-the R&D stage and the practical or commercialization stage. The input of the second stage equals the initial output and other additional input. Supposing that there are units of , the intermediate and final output is ( , = 1,2) and ( , = 1,2), respectively, while the input is ( , = 1,2, … … ), so the output efficiency can be expressed as: (1) . . = 1 Therefore, technological investment as a type of production factor must have its own particularity-namely, it takes multiple rounds of experiments to obtain actual outputs, and the input-output in different experimental phases has a chain-like correlation. This network characteristic results in the evaluation of technological innovation output requiring a multi-stage measurement model. This is the advantage of the two-stage DEA, but is a disadvantage of the traditional DEA model. However, the two-stage DEA still has its imperfections. First, in order to ensure the relevance of the two-stage process, the weight of the intermediate stage is not unique, which may bring about moderate differences; secondly, because of the phases, there is a requirement for ensuring the lag period of the different input stages. However, there is no uniform standard between the input and output of the high-tech industry. Therefore, whether the lag period is valid, and whether the intermediate outputs of the technology industry are completely converted within the preset lag period, requires much more complex verification. It is now common practice to set the lag period to 1.
In response to Kao's method, we decomposed the investigated innovation system into two stages-the R&D stage and the practical or commercialization stage. The input of the second stage equals the initial output and other additional input. Supposing that there are n units of DMU, the intermediate and final output is Z ij (i, j = 1, 2) and Y ij (i, j = 1, 2), respectively, while the input is X ij (i, j = 1, 2, . . . . . . n), so the output efficiency can be expressed as:
Logistical Model of Spatial Diffusion
Technology as a factor in economic fluctuations can be traced back to the 1910s, when Schumpeter first described it as an exogenous variable. Since then it has received much interest from economists conducting research into the effects of technology. How to use simple and appropriate mathematical models to describe technology as a variable has become an important research field within academic circles. The embedding of technology has changed the essence of the economic system by altering technology from an exogenous variable to an endogenous variable. In recent years, there has been Sustainability 2018, 10, 4201 7 of 19 more discussion about evolutionary economics and the trend of the evolution of non-linear economic systems has been more and more intense [45, 46] . At the same time, along with the maturation and practical application of nonlinear theory, scholars have new ideas for studying the interaction of technological elements and economic systems. The core idea of those systems is that the behavior of each individual is so complex that they should not be considered independently of other dimensions but rather understood as strengthening each other in a form of a feedback loop [47] .
According to these premises, we attempt to construct a co-evolutionary model of TIT compensation and TIE.
Co-Evolution Model
Consider a classical logistical equation, as shown in Equation (6):
where N, α, and K represent, respectively, the population, the intrinsic growth rate of the population, and the maximum population in a given environment. This model is the simplest way to consider biological survival with a basic assumption that all species live in a homogeneous environment, and all activity are relationships carried out in a constant environment. However, in fact, most populations distributed in space have a certain relationship with their adjacent populations. Therefore, it is necessary to introduce a spatial structure to further investigate the development of the populations.
The description of spatial structure is mainly divided into intuitional spatiotemporal type and implicit spatiotemporal type, because the reaction-diffusion model in the former has more abundant behavioral solutions (traveling wave solution, self-organized spatial pattern, etc.), so we draw on it to simulate the continuous change of a population in space. In mathematics, the Laplace operator is generally used to express the diffusion behavior [48, 49] . In particular, it is shown as
∂x 2 for one-dimensional, where x stands for the space transfer direction. Therefore, the logistical model including spatial diffusion is:
Then we can construct a two-agent cooperative evolution model:
In a single subsystem N 1 , N 2 , we can elucidate the properties by α 1 , α 2 and the results of their interaction with the internal environment by K 1 , K 2 . It can be seen that the parameter β ij (i, j = 1, 2) is native to the ecological circle of the biological population that is used to represent the endogenous relationship by the function of N 1 , N 2 . The detailed explanation is that in long-term co-evolution, when β ij > 0, the j system and the i system have succeeded in embedding into each other's ecosystem and forming a competitive relationship; the opposite situation would be a synergistic relationship; when β ij = 0, these two systems are only exchanging information instead of embedding into each other. This change of endogenous effect and unpredictable perturbation will affect the final stability of the system.
Co-Evolution Model of the Monod-Haldane Function
For a regional economic system, how to extract key relationships and simulate them is the most difficult issue. The construction of Equations (8) and (9) is based on the assumption that all actions are directly internalized with no regard for the external and peripheral relations. For our agents, this model cannot reflect the wage stickiness that stemmed from the external information barrier. Therefore, these formulas appear to be too arbitrary to develop universality, which is why they should be revised to indicate the possible exogenous disturbances (stickiness).
By appending the classic Monod-Haldane function to the traditional logistical model, we demonstrate the influence of exogenous and transient disturbance, which has enough influence to derail the entire system from the normal state [50] . This transient state emphasizes the relative quantitative control and reflects the mutual restraint and game behavior of the evolutionary participants. This behavior is due to the time-lag effect of the information barrier, so we can use a simpler mathematical equation to help us better characterize the nature of the changes in the collaborative system [51] .
The synergetic evolution model of the composite system is established as shown below:
As we have seen, N 1 , N 2 represents subsystem 1, 2, namely TIT wage and TIE, respectively; γ 1 and γ 2 represent perturbation parameters.
Indicator and Dataset Source
Indicator Selection For the first phase, which is the process of initial innovation, the process is one of putting the existing production factors related to technological innovation into production. So it reflects the relationship between technological innovation outputs and R&D resource inputs. From the Douglas production function, there are two latitudes-human resources and funds [52, 53] . At the same time, considering that most industries in China still organize technological innovation activities into two categories, self-development and technology introduction, the investment of funds should be divided into two parts. Specifically, this study considers the following indexes (see Table 1 ): R&D Personnel (X 1 ), R&D capital inputs (including Intramural Expenditure on R&D (X 2 ) and external inputs-Expenditure for Purchase of Domestic Technology (X 3 ), and Expenditure for Acquisition of Foreign Technology (X 4 )) as the inputs to the first phase. The output indicators at this stage mainly test the transformation of science and technology inputs with no economic benefits. According to this, we consider that it is safer to select the Inventions in Force (Z 1 ) and Patent Applications (Z 2 ). The former reflects the patents that have a production ability, while the latter reflects the degree of effort of the company in the process of technological innovation, and also reflects the potential to become an effective patent [54] . This output is also one of the inputs in the second phase.
The second stage is the process of transformation. It can be seen that the improvement of technology and the coupling between technology and enterprise are the key directions. Therefore, on the basis of patents, two additional indicators-Expenditure for Acquisition of Foreign Technology (X 5 ) and Expenditure for Technical Renovation (X 6 )-are selected. For measuring the economic benefits, which include competitiveness and profitability, we use the Exports of New Product export value (Y 2 ) and the Sales Revenue of New Products (Y 1 ) to reflect the market value of innovation results and the actual income for a company. In addition, technological innovation will also promote the overall output. Therefore, the Enterprise Income (Y 3 ) is selected [55] . There are several stages in technological industry output, which indicates that each input-output phase (intermediate output, final output) has a periodicity. Therefore, the effect of R&D activities is not only on the current period, but also on the future. So, for the sake of the robustness of the data, we use the data of t − 1 period for X 1 ∼ X 4 , the t period for X 5 ∼ X 6 and Z 1 ∼ Z 2 , and the t + 1 period for Y 1 , Y 2 . For example, the technological innovation output in 2016 corresponds to the input in 2015 and also to the relevant investment in 2014.
According to the two-stage chain DEA model, we have determined the number of indicators in each stage, so our study has a further deduction as shown in the equations: E 1 k , E 2 k are the efficiency of Stages 1 and 2. v * 1 , . . . . . . , v * 6 , w * 1 , w * 2 , u * 1 , u * 2 are the optimal weight from the original model.
(2) Estimation of labor remuneration based on geospatial region
With a view to the way TIT are officially counted, so as to unify the caliber and availability of data-mainly the wage-we define them as R&D practitioners. On the other hand, the explanation of X 2 in the China Statistical Yearbook on Science and Technology contains the service fee that is mainly for R&D labor expenditure. Therefore, the average wage of sci-tech talents is derived from the quotient of the total R&D service fee and the number of R&D employees.
The location entropy proposed by Haggett is an important index to figure out the specialization of a particular area, and is often used to analyze the concentration of a specific production department or the role of an area played. Hence, by referring to these current practices, we can effectively express the spatial distribution and position of the average wage of TIT in the whole country, so in this preprocessing, our targets would be endowed with geographical color. The location entropy index based on the labor compensation structure is expressed as in Equation (14), in which Qw i , w i denote the wage in i region and the regional residents' disposable income, and Qw and w denote the corresponding indicators in China.
Qw w (14) It is undeniable that, although the location entropy can accurately express the spatial agglomeration, in essence it is just a relative value between regions. Nevertheless, the TIT average wage has a strong connection with the regional economic development and the talent structure (mainly the reserve of high-quality talents), and TIE is also directly related to the industrial structure transformation and economics. If these aspects are neglected, we cannot gain any further explanation of the relationship we focus on, resulting in errors. Taking the foregoing factors into consideration, we need to bring in a regional spatial weight matrix to further correct the research data.
(3) Construction of spatial weighting matrix
The existing spatial weight matrix is mostly combined with spatial econometrics, mainly involving adjacency matrix (0-1 matrix), public boundary distance weight matrix, geographical distance spatial weight matrix, and economic distance spatial weight matrix, which belongs to different perspectives of the spatial relationships (e.g., bordering relations and numbers, spatial distances, and economic relations respectively). Currently in China, it becomes even more difficult when most regions are undergoing an economic transformation, whereby the reserve of TIT is of high importance. This is why many regional governments have launched a "snatching talents" war. Furthermore, the spatial correlation between economic regions must link with active flows of production factors, so the fundamental spatial weight matrix cannot inspect the internal relationship among R&D employees, wage, and spatial distance from a dynamic perspective.
After continuous exploration by domestic and foreign scholars, it has been found that the gravity model in physics can better analyze the spatial correlation effect as making up for the pre-deficiency [56] . Therefore, the paper draws on this model to construct the space weight matrix of TIT wage. The specific mathematical expressions are as follows:
In Equations (15) and (16), ϕ 1 ij is the correlation degree between TIT of the i and j region, L i is the TIT of i area, D ij is the field bordering length of i and j, K 1 ij is the spatial weight of area i, ∑ j i=1 ϕ 1 ij is the sum of the correlation of the i and all other regions. According to research experience, K = 1.
Similarly, the construction of TIE of the spatial weight matrix is in Equations (17) and (18):
(4) Net diffusion of the per capita wage space of innovative talents
After the spatial weighting matrix, we estimate the spatial net diffusion degree of the per capita wage and efficiency [57] , namely the
in the formulas. The exact expressions are as in Equations (19) and (20): 
Results and Analysis
TIE
(1) The efficiency of regional TIT is volatile in the period. Table 2 shows that, no matter the regions or the stages, TIE has large fluctuation, meaning a stable TIE has not yet been formed. The national mean value is around 0.5, indicating that the relative investment in technological innovation is insufficient to support economic development and also reflecting that Chinese economic development model is still at a middle or low technological level. In fact, Chinese R&D investment in tech industries has been increasing year by year. For instance, the average growth rate in the eastern region remained at 23%. If integrated with secondary R&D investment, such as technology import and technological improvement, the growth rate remains at 10%.
(2) The central region resembles the west in terms of the fluctuation trend of TIE, but there is a sharp contrast in the east. Judging by the trend, there is a marked polarization from 2010 (the cutoff point) to 2013; the central and western regions have been significantly synchronized (even in specific years, TIE is basically the same, especially in the second phase), while the east formed an "occlusion" relationship with the central region. We suppose the reason is that a number of sci-tech innovation variables took part in space migration, resulting in a chain reaction, and the terminal TIE formed a regional difference-complementary circumstance.
(3) There is a great diversity in the equilibrium of TIE at different stages. Table 2 further shows another clear result: there is not enough connectivity between the stages, or sometimes even a decline, which directly leads to the low overall TIE. Especially for the central and western regions, the TIE of the first and second stages is in line with the "high to low" style-namely, if the TIE of the first stage is high, then that of the second stage is low and vice versa, which shows that the structure of the staged investment in these two regions is not reasonable. The final TIE needs to be coordinated to gain higher efficiency instead of just counting on a single stage; in this respect, the eastern region has performed slightly better, mainly benefiting from the early economic growth dividend and the accumulative experience of economic reform and high-tech industry cluster in the last decade. 
Spatial Diffusion
(1) The spatial diffusion of TIT in the central and western regions is relatively low, lagging behind that in the east. From Table 3 , in the period of 2007 to 2016, the net spatial diffusion was examined by referring to the relevant theories and calculation methods of location entropy and gravitational model. The value of the central and west is similar, around 0.1, showing that both of them diffused insufficiently. Although it is not obvious, their proliferation is gradually increasing. On the other hand, the diffusion value in the east is much higher (by almost 20-fold), indicating that the wages of TIT in the east are more variable.
The values in the eastern region gradually decreased from 3.72 in 2007 to 2.15 in 2016, a decrease of about 42%. The disparity between the west/central and east has tended to shrink, which indicates that, during the study period, the flow of TIT among the three regions increased so steadily that it generated a spatial proliferation of wages.
(2) The capacity of space diffusion of TIE is increasing. Based on the absolute value in Table 3 , the spatial diffusion of TIE in the east is superior to that of the others by two orders of magnitude. This indicates that the TIE of the east is not only higher, but can also validly diffuse within the regions, and then bring more agents to participate in the innovation process. Meanwhile, this result also echoes the two-stage DEA empirical research-the eastern region can reasonably allocate innovation resources in Stages 1 and 2 to achieve a virtuous circle-spatial diffusion capacity and TIE continues to strengthen. While the space diffusion of TIE in the central and western regions is relatively low, mainly related to their economic stage and the incomplete industrial chain, it is gratifying that this capacity has also entered the phase of improvement without space barrier.
An interesting phenomenon is that, no matter if we focus on the TIT wage or the TIE, the central region has values slightly smaller than the western region, while it is clear that the economic development of the former is stronger than that of the latter-these two facts seem to contradict each other. However, if we draw on complexity science, we see that the contradiction reveals the spatial complexity of the process of embedding the technological reconstruction into sustainable economic development. Although the economic gap between the central and eastern regions is slightly smaller than that between the west and the east, the TIT in the west must be more willing to leave their positions; additionally, the investment in innovation resources in the central region is the highest, but the redundancy inevitably increases. The overwhelming superiority of the east forces the central region's innovation competitiveness into a dilemma and the liquidity reduces accordingly.
From the results of the spatial diffusion, we see that a gap between regions exists, which is consistent with the macroscopic phenomenon, but as for the spatial diffusion explaining the spillovers of technological behavior and the ability of the flow of TIT to some extent, namely through the free flow of TIT, the barriers achieving optimal allocation will be reduced; through the diffusion of innovation, the gap between regions is narrowed. According to the regional innovation system theory, such a cyclical process will encourage regional sustainable development. Thus it is generally believed that these two capabilities can result in a change of the development mode of the system-the evolution of the system itself and the free and rational configuration according to the information of the internal elements [58, 59] . From the above optimal goal and the results above, it is not difficult to find out that the spatial flow of TIT has not been fully exerted, which further affects the TIE. In addition, we know that the cost of introducing TIT is often several times or even dozens of times that of the general labor force for enterprises, so when the TIE is not improved, from a long-term perspective, it will inhibit the continuous investment of TIT [60, 61] . Similarly, from macro to micro, the spatial diffusion capability of TIE measures the influence of regional TIE and the market profitability of innovative products of companies, which is also the cornerstone of continued survival. Therefore, if the TIE diffusion is not sufficient, the allocation of innovation elements will not be reasonable, and the outputs and inputs of innovation will not be directly proportional. Accordingly, both aspects have far-reaching implications for the sustainable accumulation of regional innovation capabilities. (10) and (11), we need to solve six key parameters, namely, α 1 , α 2 , β 21 , β 12 , γ 1 , γ 2 . They describe the maximum growth rate in their surroundings, endogenous disturbances and exogenous effects due to interaction with the others in the study period. The solution of the parameters belongs to a constrained nonlinear solution field. In consequence, based on this characteristic, we draw on the equation construction and the optimization solution of operational research. First, we calculated the actual values of Y 1 , Y 2 by the Difference Method, followed by constructing the minimum difference function, and finally we acquired the parameters by the constrained genetic algorithm.
Parametric Results and Analysis
The results of α 1 , α 2 , β 21 , β 12 , γ 1 , γ 2 are summarized in Table 4 in order to further verify whether the results are in accordance with the assumptions of the equation construction (the spatial diffusion correlation between the wage and efficiency). We substitute the values of γ 1 , γ 2 into the equation (1) The intrinsic growth rate between regions varies greatly. Regardless of the wages or the efficiency, the east over the central and western regions. The eastern region has a comparative advantage in terms of its economic foundation and its heavy industry having gradually shifted to other regions-especially the coastal belt forming tertiary industry. The eastern region's endowment in innovation is far higher than the others so as to has sustainable growth potential. Benefiting from a geographic advantages, the central region has a slightly higher growth potential in terms of efficiency than the western region (0.3412), while in terms of wages, the central region has a growth rate of only 0.001; the west's is even lower (−0.001). We believe the reason why the central and western regions are still in the initial stage of industrial restructuring is that most enterprises still conduct their R&D activity based on the existing industrial structure. Therefore, the wages of TIT cannot be changed significantly at the moment, as the relevant industrial chain of innovation has not been formed yet. The central and western regions both perform poorly in commercialization so enterprises cannot obtain large profits, making it difficult for TIT to have heterogeneity, agglomeration, and bargaining power. Therefore, the space for wage growth is bound to be limited, which complements our previous conclusion on TIE.
(2) There are synergistic differences between wages and efficiency in various regions. First of all, from the parameters β 21 , β 12 , the east and west are the same, opposite to the central region. Based on the relevant parameters of the co-evolutionary model above, the following preliminary conclusions can be drawn: wages and efficiency are positively correlated with each other in the east and west, while in the central region they have an inverse relationship. Secondly, the cooperative evolution of the west is stronger than the east because, compared with the developed east, the west has more urgent demand for innovation. In recent years, the western government has continuously introduced preferential policies to attract TIT and industries [62] , particularly limited innovative resources; unlike the east, the west has a process of changing from scratch.
(3) The wage stickiness of TIT tends to be stable, and the correlation between the wage and the efficiency has been verified. Our paper calculates the exogenous correlation term (viscosity property), namely the Monod-Haldane function (because of the limitation of the length of the article, the results of the viscous part have not been listed). Regarding the wage, except for one individual year (2014), the stickiness in the three major regions fluctuates steadily. Specifically, the stickiness in the eastern region is the lowest, while that in the central region is the highest. The reason may be that the eastern regional TIT and industries can make the relevant information flow faster. At the same time, because the TIE is high overall and the innovative resources are abundant, labor contracts tend to be short-term. This situation accelerates the flow of TIT in the east so that the stickiness is low; the western region often attracts TIT through high wages, but because it lacks a related industry chain, the government is often unable to retain TIT and local wage stickiness is low; the central region has taken over most of the manufacturing industries from the east, and some eastern TIT have returned to the central region due to the high living costs and chance of home ownership [63, 64] . What distinguishes the returnees is that they have partially escaped the assumption of the completely rational person hypothesis and have turned to the pursuit of maximum combinative (e.g., stable jobs and matching wages) utility. Therefore, regardless of the stage of the economic industry or the form of the work contract, it (wage of TIT) will produce some time lag and greater wage stickiness. We have verified that wage is highly correlated with efficiency, which indicates that the theoretical basis and the research model in the paper are all effective; on the other hand.
Through the above empirical results, it can be seen that whether we consider innovation efficiency, spatial diffusion of TIE and TIT, or the synergy between TIE and the sticky wages of TIT, there are clear differences between the regions. First of all, the main factors behind the phenomenon of diversification are the level of economic development, the distribution of educational resources, and the coupling of labor quality and industrial demand. In addition, due to the relaxation of labor restrictions in China, the mobility of labor has been intensified, which further exacerbates disparities in this industrial transformation stage [42, 65] . Therefore, according to the previous theoretical review, the inequality of human capital is an important reason for the income gap, and the expansion of it is obviously not conducive to the sustainable development of society [66] , so we have reason to believe that China will experience continued inequality and cannot reasonably expect an increase in harmony (if the gap is widening further). For another, innovation and the mobility of production factors may drive the adjustment of China's industrial layout and accelerate the pace of urbanization, especially in economically backward regions, to form complementary industry and TIT structures [40] . Therefore, how to improve the mobility of TIT and perfect the wage formation mechanism are the research questions that need to be focused on.
Conclusions and Suggestions for Future Research
We draw on the idea of a two-stage DEA, and decompose the traditional calculation of TIE into a two-stage chain system-the R&D stage and the practical or commercialization stage-followed by the two-agent collaborative evolution model with spatial diffusion behavior and information lag behavior. Finally, using regional entropy and gravity models, we examined the relationship between TIT wages and TIE in different regions (east, central, west) in the period 2007-2016. The main research results show that:
(1) From the perspective of efficiency, overall Chinese TIE is not too high to reach the optimal status of resource utilization and promotion of economic restructuring. Secondly, the central and western regions are similar in their high output efficiency. For some years, the efficiency in the east has shown a pattern of rising and falling. We speculate that one reason is that, with the development of the eastern industrial technology, the transfer of surplus industry, namely to the central and western regions, may have increased. Finally, due to the reasonable allocation of resources in the early stage of innovation and commercialization in the eastern part of China, the output efficiency of these phases is not too different. We think this will be a positive development trend in the future. The central and western regions have an extremely high TIE in Stage 1 while Stage 2 is low, which suggests that they were blindly pursuing sci-tech innovation output, namely patents, most of which have failed to transfer to Stage 2. That is essentially a huge waste of R&D resources. Regardless of the society or the economic system, the related resources for scientific and technological research are very valuable in terms of acquisition costs and the training period. Therefore, inefficient allocation will not contribute to a virtuous cycle in an economic system. According to the profit-seeking motive, the waste of resources means there maybe little possibility of excess profit, which further affects the adjustment and upgrading of the economic system. (2) From the perspective of spatial diffusion capacity, we examine wages and efficiency. As a result, the relevant indicators in the central and western regions are lower than those in the eastern region, but these regions are gradually intensifying their technology import so the gap is shrinking. With the reinforcement of spatial diffusion capacity in the central and western regions, the information cost of innovation will be reduced. To a certain extent, the regions will be forced to eliminate backward production and induce resource-dependent or labor-intensive industries to carry out technology industry transformation. Especially for the resource-based industries that exist in the vast areas of western China, the single, high-pollution, high-energy-consuming industrial structure has severely constrained long-term sustainability. In these areas, the friction between environment, resources, and population has reached a crisis point, so the strategic adjustment of sustainability and TIT/TIE is particularly important. (3) The cooperative evolution model has produced more comprehensive results. First of all, it is obvious that the accumulation of wages of TIT in the central and western regions is slow, which means that in these two regions, the instability of TIT is huge, coupled with the fact that the original industrial layout does not match some talents. There may be "suspended" risks that further aggravate the inefficient implementation of relevant policies and greatly restrict regional talent reserves. Secondly, the relationship between wages and TIE in the east and west is cooperative and evolutionary, but in the central region it is "extrusive," which shows that the adaptation problem of TIT sticky wages and TIE is more serious. The central region serves as a bridge linking east and west; its development status provides a powerful reference for the economic transformation of the west, and also affects whether part of the tech industry in the east implements transfer decisions. In this way, the coordinated relationship between TIT sticky wages and TIE in the central region is not only related to sustainable development itself, but also to the feasibility of Chinese regional step-based transformation and development microscopically [67] .
We cannot help but ponder the orientation of the central region-are the industries it introduces reasonable and adequately adapted to local talents?
Based on the sticky wages in some foreign countries and the main research conclusions of this paper, we can put forward some issues that should be given attention, namely how different regions in China can better retain talent and thus form the ladder-shaped layout of China's industry through the introduction of TIT:
(1) For the marketization of industrial innovation, we must improve the transforming market environment for industrial innovation achievements and then form an innovative technology trading market according to local characteristics. At the same time, we must strengthen resource investment in the R&D phase and perform sufficient assessment of projects to avoid the emergence of "the only patent" doctrine and waste [68] . (2) In terms of labor contract management, most Western countries promote enterprises adopting various forms of employment, contributing to the timely and positive response of wages to labor market fluctuations. At the same time, because the wage negotiation process often takes a long time, the labor sector in Western countries requires a lot of participation to achieve rational coordination of the labor force and guarantee fairness of information between every party. As for some Chinese enterprises, the labor contract period is much longer, which intensifies the inflexibility of wages. While the demand for TIT in China is large, the gap between supply and demand is actually not clear, especially when subdivided into industry category scales. Therefore, the disclosure of information is not only conducive to the rapid seeking of suitable positions for TIT to promote TIE, but is also conducive to the formulation and implementation of regional TIT training programs to guarantee regional and sustainable industrial development [69] . (3) We should pay more attention to the impact of wage flexibility. For the special situation of China, that is, the wage system has been transformed from a rigid "all-inclusive" system in the "planned economy" era to a "salary-linked" one in the "reform and opening-up" era, the wage system is mostly used as an incentive, especially for TIT. In addition, in this process, unemployment often results, so governments should be careful to reduce wage rigidity [70] . (4) Western countries have observed the advantages of "insiders" negotiating, and often use skills training of internal personnel to increase the transparency of competition. Chinese companies have also experienced the same phenomenon, coupled with the prevalence of social networks, but wages may have been unable to adapt to personnel capabilities. Therefore, enterprises need to gradually improve the staff assessment system and make efforts to retain innovative talent in the system [71] . (5) Intensifying cross-regional cooperation between different regions, canceling the employment restrictions of the registered permanent residence management system on TIT gradually, thereby lowering information barriers, increasing information transparency, and deepening the space diffusion ability of TIT will win more time and space for the development of industrial sci-tech innovation. In particular, for the central and western regions, more attention must be paid to the spatial allocation of wages of TIT. Through the chain of industry and the integration of TIT package introduction, the regions may be able to retain them. Improving the willingness of TIT to migrate internally may also provide more support for a region to seek a path more suitable to its own development.
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